See page 510 for the editorial comment on this article (doi:10.1093/eurheartj/ehi703) Aims Data on long-term efficacy of bosentan in unselected idiopathic pulmonary arterial hypertension (IPAH) patients are lacking. We aimed to describe the long-term outcome of consecutive IPAH patients treated first-line with bosentan. Methods and results A retrospective analysis of 103 consecutive New York Heart Association functional class III/IV IPAH patients treated with bosentan at our centre between November 1999 and May 2004 was performed. The 6-minute walk distance (6MWD) and haemodynamics were assessed at baseline and after 4 and 12 months. Mean follow-up was 24 + 15 months. At 4 months, significant improvements in exercise capacity and haemodynamics were observed and persisted up to 1 year. Overall survival estimates were 90 and 87% and event-free status (survival without transplantation, prostanoid initiation, or hospitalization for right heart failure) estimates were 61 and 44% at 1 and 2 years, respectively. Fortyfive (44%) patients required prostanoid therapy during follow-up. The 6MWD and the right atrial pressure at baseline and the 6MWD, the increase in 6MWD, and the decrease in pulmonary resistance after 4 months of treatment were associated with long-term outcomes. Conclusion In our series of consecutive IPAH patients treated with bosentan, improvements in exercise capacity and haemodynamics were similar to those observed in previous randomized trials. However, on the basis of local criteria, many patients required the addition of prostanoid therapy during follow-up.
Idiopathic pulmonary arterial hypertension (IPAH) is characterized by a persistent increase in pulmonary vascular resistance which ultimately leads to right heart failure and death. 1, 2 On conventional therapy, including oral anticoagulants, diuretics, and oxygen, the median survival is less than 3 years. 1 In recent years, treatment strategies have evolved including the development of medical therapies that target different pathways involved in the pathogenesis of pulmonary arterial hypertension. 3 One of these therapies, bosentan, is an oral, type A and B endothelin receptor antagonist, which was first shown to counteract the vasoconstrictive, [4] [5] [6] proliferative, [4] [5] [6] and fibrotic 7 effects of endothelin-1 in experimental studies. In two short-term, double-blind, placebo-controlled trials, bosentan significantly improved haemodynamics 8 and exercise capacity. 8, 9 The long-term effects of bosentan on exercise capacity and pulmonary haemodynamics 10 and on survival 11 during the open-label phase of previous randomized trials 8, 9 have recently been described. However, patients participating in randomized trials are selected, benefit from very close follow-up, and may not be representative of patients seen by clinicians on an everyday basis. Thus, data on the long-term efficacy of bosentan therapy in a large cohort of unselected IPAH patients are lacking. Furthermore, variables related to long-term outcomes need to be clarified. In this study, we described the long-term effect of firstline bosentan therapy on survival, exercise capacity, and pulmonary haemodynamics in consecutive patients with IPAH seen in our clinic. Demographics, exercise capacity, and haemodynamic characteristics at baseline and during follow-up that are related to patient outcome were also analysed.
Methods Patients
The 103 consecutive patients with New York Heart Association (NYHA) functional class III or IV IPAH seen in our clinic from November 1999 to May 2004 who were .15 years of age, were treated first-line with bosentan and who did not meet an exclusion criterion were retrospectively evaluated. Patients were excluded if they had pulmonary arterial hypertension related to an associated condition 12 or an acute response (defined as a 10 mmHg decrease in mean pulmonary artery pressure to ,40 mmHg with a preserved cardiac output) during acute vasoreactivity testing. 13 Sixteen patients included in the analysis initially received bosentan as part of a clinical trial. 8, 9 Their long-term survival has been previously reported after a mean follow-up of 26 + 8 months.
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Treatment
All patients received conventional therapy including oral anticoagulants to maintain an international normalized ratio of 2-3 unless contraindicated, diuretics to control peripheral edema, and longterm oxygen therapy if hypoxemia was present. Bosentan was prescribed at the dosage of 62.5 mg twice daily for 4 weeks followed by 125 mg twice daily thereafter. Liver function tests were performed every 2 weeks during the first 2 months and monthly thereafter. Bosentan was stopped or the dosage reduced in cases of elevated liver enzymes in accordance with current recommendations. 14 
Criteria for addition of prostanoid therapy
At our centre, the need for prostanoid therapy was indicated when the patient was NYHA functional class IV on treatment or persisted in NYHA functional class III after at least 4 months of treatment together with (1) a 6-minute walk distance (6MWD) ,250 m, (2) a .10% decrease in 6MWD from the previous value in two tests performed at least 2 weeks apart, or (3) a cardiac index ,2.2 L min 21 m 22 .
Evaluation
Routine evaluation at baseline included a medical history, an assessment of modified NYHA functional class, 3 a physical examination, routine blood tests, and a non-encouraged 6MWD according to the American Thoracic Society recommendations. 15 A right heart catheterization was also performed using our standard protocol. 16, 17 Acute vasodilator testing was performed using nitric oxide inhalation (10 ppm) for 10 min. 16 Post-baseline clinical evaluations, including a modified NYHA functional class assessment, a nonencouraged 6-minute walk test, and a right heart catheterization, were routinely performed after 4 and 12 months of bosentan therapy and once a year thereafter.
Statistical analysis
Data were analysed using Statview, version 5.0 (SAS Institute, Cary, NC). All results were expressed as mean + SD. Baseline and postbaseline (after 4 months or 1 year of treatment) values for 6MWD and haemodynamic parameters were compared using two-sided paired Student's t-test. For the subgroup of patients in which baseline, after 4 months and after 1 year, values for 6MWD were available, the comparisons were made using repeated-measures analysis of variance. Only patients on bosentan monotherapy at the time of the evaluation were used for this analysis. A P-value of ,0.05 was considered statistically significant.
Analyses of overall survival and event-free status were performed using an intention-to-treat approach. Event-free status was defined as survival without lung transplantation, need of prostanoid therapy, or acute right heart failure requiring hospitalization for intravenous (iv) diuretics and/or dobutamine infusion. Patients who refused or were unable to manage prostanoid therapy when it was indicated were classified as requiring prostanoid therapy. The date of initiation of bosentan therapy was the starting point to determine the follow-up duration. The cut-off date was 1 November 2004. Patients lost to follow-up were censored as of the date of the last bosentan prescription. The Kaplan-Meier method was used to estimate overall survival and event-free status at each time point. For patients with more than one event, only the first event was used in the Kaplan-Meier analysis. Predicted survival was determined using the equation derived from the NIH registry.
1 Survival curves were also estimated for patients with a 6MWD above and below the median values at baseline and after 4 months of treatment, and according to the NYHA functional class at the time of the initiation of prostanoid therapy. Survival distributions were compared using the Cox-Mantel logrank test. Because NYHA functional class at baseline and after 3 months of eposprostenol has been shown to be related to longterm survival in IPAH, 2, 18 patients' outcome was also described according to their functional class at baseline and after 4 months of bosentan therapy.
Univariate analysis based on the proportional hazards model was used to examine the effect on survival of selected demographic, medical history, exercise capacity, and haemodynamic variables assessed at baseline and after 4 months of bosentan therapy as well as the effect on event-free status of the same variables at baseline. Results were expressed as hazard ratios with 95% confidence intervals.
Results

Patient characteristics
The patient's clinical characteristics at baseline are presented in Table 1 . A history of syncope, right heart failure, and Raynaud's phenomenon were reported in 20, 31, and 9% of patients, respectively.
Long-term follow-up
The mean duration of follow-up was 24 + 15 months (median 23 months, range 1-59 months). Two patients did not participate in later evaluations and were lost to Values are mean + SD unless otherwise specified. MPCWP, mean pulmonary capillary wedge pressure; mPAP, mean pulmonary arterial pressure; mRAP, mean right atrial pressure; NYHA, New York Heart Association; SvO 2 , mixed venous oxygen saturation; TPR, total pulmonary resistance.
a Calcium channel blockers were allowed if previously given at a low dose for Raynaud phenomenon or systemic hypertension. follow-up. These patients stopped bosentan therapy after 1 and 11 months, respectively, and were therefore censored at that time.
NYHA functional class and 6-minute walk test Ninety-nine patients underwent the 4-month evaluation. The remaining four patients either died (n ¼ 1), were lost to follow-up (n ¼ 2), or did not undergo clinical evaluation (n ¼ 1). In these 99 patients, the NYHA functional class improved in 48 patients (48%), remained stable in 42 (42%), and deteriorated in 9 (9%), which resulted in an overall distribution of 40 patients in class II, 51 patients in class III, and eight patients in class IV. The mean 6MWD increased from 322 + 105 m at baseline to 364 + 109 m (P , 0.001, Figure 1 ). The 6MWD improved in 74% of patients. The mean Borg dyspnoea score decreased from 3.2 + 1.8 to 2.6 + 1.7 (P ¼ 0.003).
At 1 year, six additional patients had died, 13 patients had prostanoid therapy added to bosentan, and one patient did not undergo clinical evaluation. Moreover, at the cut off date, 21 patients on bosentan had not been treated for 1 year. Of the remaining 59 patients evaluated after 1 year on bosentan monotherapy, 41% were classified as NYHA functional class II (n ¼ 24) and 59% patients were functional class III (n ¼ 33) or IV (n ¼ 2). In these 59 patients, the mean 6MWD increased from 349 + 84 m at baseline to 399 + 78 m after 4 months of treatment (P , 0.001) with no further improvement at 1 year (390 + 83 m, Figure 1 ).
Haemodynamics
Seventy-three patients underwent right heart catheterization after 4 months of bosentan monotherapy ( Table 2) . These patients had a 6MWD similar to that in patients who did not undergo right heart catheterization (n ¼ 26) both at baseline (317 + 94 vs. 335 + 133 m, P ¼ 0.451) and at the time of the 4-month evaluation (361 + 98 vs. 373 + 138 m, P ¼ 0.637). Overall, pulmonary haemodynamics significantly improved, with a 17% increase in cardiac index, a 19% decrease in total pulmonary resistance, and a slight decrease in mean pulmonary artery pressure. There was no change in systemic haemodynamics.
After 1 year of bosentan monotherapy, 48 patients underwent right heart catheterization ( Table 2) . These patients had a 6MWD similar to that in patients who did not undergo right heart catheterization (n ¼ 11) both at baseline (344 + 88 vs. 352 + 86 m, P ¼ 0.800) and at the time of the 1-year evaluation (391 + 85 vs. 388 + 77 m, P ¼ 0.934). Improvements in cardiac index, total pulmonary resistance, and mean pulmonary artery pressure persisted after 1 year of treatment. The improvements were not associated with a clinically relevant change in heart rate. A decline in mean systemic arterial pressure was observed, but symptomatic hypotension did not occur in any patient.
Survival Overall survival
The overall survival estimates were 92, 89, and 79% at 1, 2, and 3 years, respectively ( Figure 2) . The predicted survival at 1, 2, and 3 years, based on the equation derived from the NIH registry, 1 was 71, 61, and 51%, respectively. The causes of death were progressive right heart failure (n ¼ 10), sudden death (n ¼ 1), sepsis related to central catheter infection (n ¼ 1), and pneumonia (n ¼ 1). Eight of these 13 patients died after prostanoid therapy was added to bosentan and five patients died while on bosentan alone. In the latter group, all had a previous hospitalization for acute right heart failure and two refused the proposed added prostanoid therapy. The results of univariate analysis of the relationship between overall survival and variables measured at baseline and after 4 months of treatment are shown in Tables 3 and 4. The 6MWD ( Figure 3A ) and right atrial pressure at baseline and the 6MWD (Figure 3B ), the increase in 6MWD, and the decrease in total pulmonary resistance after 4 months of treatment were significantly related to overall survival. Values are mean + SD. mPAP, mean pulmonary artery pressure; mRAP, mean right atrial pressure; mSAP, mean systemic artery pressure; TPR, total pulmonary resistance. a n ¼ 73. b n ¼ 48.
Event-free status
The estimates of event-free status were 63, 45, and 40% at 1, 2, and 3 years, respectively ( Figure 2) . The first events to occur were the need for added prostanoid therapy (n ¼ 34) and acute right heart failure requiring hospitalization for iv diuretics and/or dobutamine infusion (n ¼ 17). Among the demographic, clinical, and haemodynamic variables assessed at baseline, only a history of right heart failure and the 6MWD were related to event-free status ( Table 3) .
Added prostanoid therapy
Added prostanoid therapy was needed by and proposed to 45 patients during follow-up after a mean duration of exposure to bosentan of 12 + 10 months. The reasons for prostanoid initiation were persistent (n ¼ 1) or worsening to NYHA functional class IV (n ¼ 17) on treatment, and persistent NYHA functional class III after at least 4 months on bosentan monotherapy with a 6MWD ,250 m (n ¼ 7), a .10% decrease in 6MWD (n ¼ 12), or a cardiac index ,2.2 L min 21 m
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(n ¼ 8). Nine of these patients did not have prostanoid therapy initiated because they refused (n ¼ 5) or were unable to manipulate inhaled or iv prostanoid medication Figure 2 Kaplan-Meier estimates of survival and event-free status in 103 patients with IPAH treated with first-line bosentan therapy. Estimated survival rates (solid line) were 92, 89, and 79% at 1, 2, and 3 years, respectively. Estimates of event-free status (dashed line) were 63, 45, and 40% at 1, 2, and 3 years, respectively. Event-free status was defined as survival without lung transplantation, need for prostanoid therapy, or acute right heart failure requiring hospitalization for iv diuretics and/or dobutamine infusion. For patients with more than one event, only the first event was used in the analysis. CI, confidence interval; Delta, absolute change after treatment (for TPR, relative change after treatment); mPAP, mean pulmonary artery pressure; mRAP, mean right atrial pressure; NYHA, New York Heart Association; TPR, total pulmonary resistance. CI, confidence interval; mPAP, mean pulmonary artery pressure; mRAP, mean right atrial pressure; NYHA, New York Heart Association; TPR, total pulmonary resistance.
a Event-free status was defined as survival without lung transplantation, need for prostanoid therapy, or acute right heart failure requiring hospitalization for iv diuretics and/or dobutamine infusion.
b Pericardial effusion was assessed at the time of bosentan initiation.
(n ¼ 4). The remaining 36 patients were treated with either iv epoprostenol (n ¼ 30) or inhaled iloprost (n ¼ 6), most often in combination with continued bosentan (n ¼ 34).
One patient who received prostanoid therapy died before the next follow-up contact. The remaining 35 patients were evaluated just prior to initiation and after 3 months of prostanoid therapy, and during this period the 6MWD improved from 310 + 108 to 347 + 117 m (P ¼ 0.031), cardiac index increased from 2.22 + 0.45 to 2.64 + 0.63 L min 21 m 22 (P ¼ 0.002), and mean pulmonary artery pressure decreased from 60 + 12 to 56 + 11 mmHg (P ¼ 0.014). In addition, 39% (14 out of 36) of patients improved to NYHA functional class II.
The mean duration of follow-up after the initiation of prostanoid therapy was 15+9 months, and during followup, 19% (seven out of 36) of these patients died. The estimated survival rates at 1 and 2 years following prostanoid initiation were 88 and 71%, respectively. Patients belonging to NYHA functional class IV at the time prostanoid therapy was initiated had poorer survival than those in NYHA functional class III (P ¼ 0.022, Figure 4) . The mean dose of iv epoprostenol at the last follow-up was 20 + 6 ng/(kg/min).
Subgroup analyses
NYHA functional class IV at baseline Twelve patients were NYHA functional IV at baseline. One of these patients died after 34 days of bosentan therapy. After 4 months of treatment, the remaining 11 patients were NYHA functional classes II (n ¼ 1), III (n ¼ 9), and IV (n ¼ 1). During this period, the mean 6MWD improved from 197 + 93 to 306 + 84 m (P ¼ 0.003). Significant improvements were also seen in cardiac index (2.12 + 0.41 to 2.54 + 0.57 L min 21 m 22 , P ¼ 0.050) and total pulmonary resistance (15.9 + 5.9 to 12.8 + 5.6 mmHg L 21 min, P ¼ 0.003). The event-free status at 1 year was 37%.
NYHA functional class III after 4 months of treatment Fifty-one patients were still classified as NYHA functional class III after 4 months of bosentan therapy. The overall survival of these patients at 1 and 2 years was 92 and 89%, respectively, and the event-free status was 51 and 35%, respectively. Twenty-nine of these patients were treated with bosentan monotherapy for at least 1 year. At the 1-year evaluation, three patients were NYHA functional class II, 24 were class III, and two were class IV. Consequently, only 10% (three out of 29) of these patients improved to NYHA functional class II during long-term follow-up.
NYHA functional class II after 4 months of treatment Forty patients were classified as NYHA functional class II after 4 months of bosentan therapy. In these 40 patients, overall survival was 100% at both 1 and 2 years and the event-free status was 91 and 68%, respectively. Twentynine of these patients continued bosentan monotherapy for at least 1 year, and at the 1-year evaluation, 20 patients remained class II and nine (of 29 equal to 31%) had 6MWD (above or below the median, 330 m) . Survival rates for patients with a baseline value .330 m (solid line) were 98, 98, and 91% at 1, 2, and 3 years, respectively, as compared with 86, 79, and 66%, respectively, for patients with a baseline value ,330 m (dashed line; P ¼ 0.005 by Cox-Mantel log-rank test). (B) Kaplan-Meier survival estimates in 99 patients with IPAH grouped by the 6MWD after 4 months of bosentan monotherapy (above or below the median, 378 m). Survival rates for patients with a value .378 m after 4 months (solid line) were 100, 100, and 90% at 1, 2, and 3 years, respectively, as compared with 85, 79, and 69%, respectively, for patients with a value ,378 m (dashed line; P ¼ 0.005 by Cox-Mantel log-rank test) after 4 months. 6MWT ¼ 6-minute walk test. Figure 4 Kaplan-Meier survival estimates in 36 patients with IPAH who were treated first-line with bosentan and subsequently received prostanoid therapy from the date of prostanoid therapy initiation. Patients are grouped by NYHA functional classification (III or IV) at the time prostanoid therapy was initiated. Survival rates for patients belonging to NYHA functional class III when prostanoid therapy was initiated (solid line) were 100 and 87% at 1 and 2 years, respectively, as compared with 67 and 45%, respectively, for patients belonging to NYHA functional class IV (dashed line; P ¼ 0.022 by Cox-Mantel log-rank test). deteriorated to class III. Only one of these patients died (after 28 months of bosentan monotherapy).
Elevated liver enzymes
Bosentan treatment was permanently stopped in three patients because of elevated liver enzymes after 6, 8, and 97 weeks of treatment, respectively. In the first two patients, prostanoid therapy was required 6 and 36 weeks after bosentan discontinuation because of subsequent clinical worsening, whereas the third patient was already on combination therapy with epoprostenol at the time of bosentan discontinuation. Finally, the bosentan dosage was reduced to 62.5 mg twice daily because of elevated liver enzymes in one patient after 8 weeks of bosentan treatment. All patients displayed normalized liver function tests 12 weeks after the bosentan dosage was changed.
Discussion
Two previous short-term placebo-controlled, randomized trials have confirmed the effectiveness of bosentan in the context of IPAH and pulmonary arterial hypertension associated with the scleroderma spectrum of disease. 8, 9 However, patients recruited in randomized trials may not be representative of patients that clinicians most commonly see on an everyday basis. Furthermore, data on the long-term efficacy of bosentan in IPAH remain fairly limited. This study provides new insights on the long-term clinical and haemodynamic outcome of consecutive patients with IPAH treated with first-line bosentan therapy at a single clinic.
In this study, the mean increase in 6MWD observed after 4 months of treatment was similar to the 70-and 36-m increases observed in previous randomized trials after 12 and 16 weeks, respectively, of bosentan therapy. 8, 9 Also similar was the 39% (40 out of 103) of our study population that improved to NYHA functional class II during the same period. 8, 9 Furthermore, improvements in cardiac index, mean pulmonary artery pressure, and total pulmonary resistance were similar to those observed in previous studies. 8 As previously described by Sitbon et al., 10 these improvements were sustained in many of our patients. Importantly, however, no further increase in the mean 6MWD was observed after 4 months of bosentan treatment and few patients classified as NYHA functional class III after 4 months subsequently improved to NYHA functional class II during long-term follow-up on bosentan monotherapy.
In our study, the treatment strategy of first-line bosentan therapy with added prostanoid therapy, if necessary, was associated with improved overall survival as compared with the predicted survival based on the equation formulated from the NIH registry, as was previously described by McLaughlin et al. 11 It is important to note that these results are not those of bosentan monotherapy, but the results of a treatment approach, with first-line bosentan and prostanoid added if necessary. Contrary to the NIH registry, mean right atrial pressure was the only baseline haemodynamic variable related to survival. The decrease in total pulmonary resistance after 4 months of bosentan therapy was also associated with survival. Both variables have been related to prognosis in epoprostenol-treated patients. 2, 18 The 6MWD at baseline and after 4 months of treatment and its increase on treatment were also related to survival.
The 6MWD has been used as the primary endpoint in most of the recent therapeutic trials. 19 The 6MWD achieved before 2, 20, 21 and after 3 months of epoprostenol 2 has been shown to correlate with survival in IPAH. This study confirmed the prognostic significance of the increase in the 6MWD on treatment.
The mortality rate in our patients remained low and few patients belonged to NYHA functional class IV at baseline. These factors may explain why NYHA functional class and other variables such as pericardial effusion were not related to prognosis. Although some patients who were NYHA functional class IV at baseline initially benefited from bosentan therapy, most of these patients subsequently required prostanoid therapy. The small number of these patients in the current study precludes any conclusion about the efficacy of bosentan in that setting. Given the high mortality of class IV patients and the more rapid onset of beneficial effect of iv epoprostenol, first-line bosentan should probably be administered to NYHA functional class IV patients only if they refuse or cannot tolerate iv epoprostenol therapy.
Estimates of event-free status were 63, 45, and 40% at 1, 2, and 3 years, respectively, and 44% (45 out of 103) of patients required added prostanoid therapy during followup because of persistent unsatisfactory status or clinical worsening after an initial improvement on bosentan. This rate is somewhat higher than reported by McLaughlin et al. 11 in which 23% (39 out of 169) of patients treated with first-line bosentan therapy received a prostanoid derivative or an alternative oral therapy during a mean follow-up of 2.1 + 0.5 years. These differences might be explained by different patient characteristics (baseline 6MWD of 319 + 105 vs. 345 + 87 m) and a more aggressive therapeutic approach at our centre. Although most experts agree that patients who deteriorate to NYHA functional class IV should be treated with iv epoprostenol, the best therapeutic approach for patients remaining in NYHA functional class III on first-line therapy is more controversial. In this study, prostanoid therapy was initiated when faced with clearly unsatisfactory results on bosentan monotherapy, such as NYHA functional class IV, poor exercise capacity, deterioration in exercise capacity, or low cardiac index. This treatment strategy is consistent with recent evidence-based guidelines, suggesting that combination therapy might be considered for patients who fail to improve or deteriorate with first-line treatment. 19 In patients with NYHA functional class III/IV IPAH, first-line iv epoprostenol therapy has been shown to improve exercise capacity, haemodynamics, and prognosis. 2, 18, 21 Overall survival rates at 1 and 2 years were around 85 and 70%, respectively, with a poorer prognosis for patients in NYHA functional class IV at the time of epoprostenol initiation. 2, 18 Comparable survival with prostanoid therapy was observed in this study, as were comparable improvements in haemodynamics and exercise capacity, with 39% of NYHA functional class III/IV patients improving to NYHA functional class II after 3 months. Therefore, patients who do not respond to or subsequently deteriorate after an initial response to endothelin receptor antagonists may favourably respond to the initiation of prostanoid therapy. Because most of the clinical improvement observed with bosentan occurred in the first few months of treatment, and long-term prognosis remains poor when iv epoprostenol is initiated in severely ill patients, an alternative therapeutic approach should probably be considered in cases of unsatisfactory results after the first months of bosentan therapy. Subsequent referral for lung transplantation should also be planned if this alternative aggressive therapy remains unsuccessful.
There are several limitations to this observational study. Only patients still on bosentan monotherapy were used to analyse the effect of treatment on exercise capacity and haemodynamics, which certainly has biased the results favourably as patients who needed additional therapy because of poor exercise capacity were excluded from this analysis. Furthermore, two patients were lost to followup. Finally, not all patients underwent haemodynamic assessment. This reflects current daily practice, and the similar patient characteristics in terms of exercise capacity at the time of follow-up preclude major bias in the evaluation of haemodynamic improvement.
In conclusion, improvements in exercise capacity and haemodynamics similar to that reported in previous randomized, controlled trials were observed in a large cohort of consecutive and unselected patients treated with first-line bosentan therapy at a single centre. These improvements were sustained in many patients. Furthermore, the treatment strategy of first-line bosentan therapy with added prostanoid therapy, if necessary, improved long-term survival compared with the predicted survival based on the equation formulated from the NIH registry. However, 44% of patients required the addition of prostanoid therapy because of unsatisfactory clinical response on bosentan during follow-up based on local criteria. In addition, simple prognostic factors were documented for IPAH patients treated with first-line bosentan therapy.
